Human and Mouse Homology Database (DHMHD). This application consists of three separate databases of human and mouse malformation syndromes together with a database of mouse/human homologous regions. The mouse and human malformation databases are linked together through the chromosome homology database. The purpose of the system is to allow retrieval of syndromes according to detailed phenotypic descriptions and to be able to carry out homology searches for the purpose of gene mapping.
Background
Dysmorphology is a field of medicine which has as one of its concerns the diagnosis of children born with multiple malformations or variations in quantitative characteristics (for example, head size) outside the normal range. A pattern of signs recognised as occurring together and thought to be pathogenetically related is collectively called a dysmorphic syndrome or malformation syndrome. Approximately 8 in 1000 children are born with multiple malformations, and in about half of these infants the condition is likely to have a strong genetic component. Most genetic conditions leading to abnormal physical development have not been mapped and the genes responsible have not been identified. All of these genes would be expected to play an important role in normal development. Thus, the elucidation of the genetic malformation syndromes will lead to greater understanding of normal embryological development, as well as explaining and preventing congenital abnormalities.
Genetic mapping is often the first step in the isolation of genes causing clinical syndromes. Examination of "candidate genes" for mutations is also becoming an important strategy. These methods are greatly accelerated if there is information about where in the genome a particular locus might be situated. Such clues can come from homology to mouse mutants that have been mapped and from knowledge of homology between mouse and human chromosomal segments."4 Further clues come from chromosome aberrations (that is, structural changes causing areas of the chromosome to be deleted, duplicated, or translocated) giving a similar phenotype. Finally, knowledge of the function, expression, and map location of "developmental" genes might be used to predict the effect of mutations of these genes. These clues are often widely scattered in published reports, and even if tiey are collected together in catalogues or databases there is no rapid way of moving from one data type to another. This is in essence the purpose of DHMHD, which aims to provide a means of linking several databases through phenotypic and chromosome homology. Searching can be performed in a number of different ways. (A) By phenotype, by specifying a combination of malformations and asking for all mouse and human syndromes with this combination. (B) By chromosome homology, by asking for human syndromes located at a chromosome region homologous with a specific mouse chromosome region (and vice versa from human to mouse). (C) By phenotype and chromosome homology, by asking for all mouse or human syndromes with a specific combination of malformations mapping to homologous chromosome regions.
The databases
The databases that comprise DHMHD are derived from different sources and authors. These are as follows. Resource information usually comprises a directory of hypertext documents which incorporate a number ofmultimedia formats such as text, graphics, and video. Additionally, and as DHMHD shows, WWW documents can provide an interface to databases located on the host computer. In order to allow client interaction with a database, the system must use server-side programs that conform to the Common Gateway Interface (CGI), the specification defining how queries should be passed to the database and how the associated results should be returned to the client. This configuration is used by DHMHD and is illustrated in fig 1 listed with an indication of their incidence across the affected cases. Fig 2 shows the WWW page displayed when the cytogenetic aberration del(7)p l5-p l3 is selected.
Homology cross referencing
The homology cross referencing facility permits the user to search for either mouse or human syndromes based on chromosome location, or search for homologous human and mouse chromosome segments directly. The listed options form two sets of complementary programs that allow a search to be directed from the perspective of mouse or human disorders. To search for syndromes that are associated with a chromosome region, an HTMLform (comprising input text fields, radio buttons, and checkboxes) is used to set up the query. The database of human dysmorphic syndromes is then checked for any syndromes that have a listed chromosome location that overlaps with the specified region. Matching syndromes are returned as a hyperlink list, which is the list of human syndromes that have an associated chromosome location overlapping with chromosome 7 on the short arm (p). Selection ofone of these hyperlinks will call the view program described above. An alternative mode of operation is to search human-mouse homologies. As with syndrome queries, complementary programs are provided in order to search from human or mouse chromosome locations. Fig  3.1 shows part of the human chromosomes page which lists hyperlinks for specific human chromosome regions associated with chromosome 7. Selection of any one of these links will call a mapping program that searches for homologous mouse chromosome regions. Human-mouse homologous regions are listed along the left hand side of the returned page, along with homologous loci (see fig 3. 2). The (hyperlinked) homologous loci point to relevant OMIM or MGD entries stored at the Johns Hopkins University and Jackson Laboratory sites respectively.* If one of the listed homologous chromosome regions is selected, then the syndrome search program returns mouse syndromes that match the relevant chromosome region. For example, referring to fig  3. 2, if the mouse chromosome region 13 CEN-A3 (listed as homologous to human position 7pl 3) was selected, all mouse syndromes that have an associated chromosome location overlapping with this region will be returned as a hyperlink list that will in turn call the mouse syndrome view function. 
